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FLEXIBLE BIOMONITOR WITH EMI
SHIELDING AND MODULE EXPANSION

CROSS REFERENCE TO RELATED PATENT
APPLICATION

This 1s a continuation 1n part application of an application
Ser. No. 11/132,216 filed on May 19, 2005, which further

claims the benefit of Taiwan application Serial No. 94108277,
filed Mar. 21, 2003; the subject matter of which 1s incorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a tlexible biomonitor with
EMI shielding and module expansion, and more particularly
to a flexible biomonitor using at least a pair of tlexible wing,
circuit boards having radio frequency (RF) components being
disposed thereon separated from a two-sided flexible main
circuit board while being discretely coupled to the two-sided
flexible main circuit board through a pair of pads attached to
the two-sided flexible main circuit board so as to achieve
compactness, module expansion and EMI shielding.

BACKGROUND OF THE INVENTION

According to statistic data of Frost and Sullivan business
consulting firm 1n Year 2000, America, Western Europe, and
Asia hold almost 70 percent of global medical device market,
wherein Asia holds about 17 percent of global medical device
market. In the mean time, the report produced by Industrial
Development Bureau, Ministry of Economic Affairs, R.O.C.,
indicates that the growth rate ol yield of global medical device
from 1992 to 2002 year 1s 14.83%. Moreover, the growth rate
of Taiwanese medical care production value 1s even up to
18.5%. From the facts that Taiwanese has about one half the
yearly income of American while Taiwan only has one-tenth
the population of America and the production value of Amerti-
can remote home care market 1s USD 40 to 70 billion, The
production value of Tatwanese remote home care market 1s
estimated to be USD 2 to 3.5 billion per year. Accordingly, the
medical industry using wireless communication technology
will substantially affect the future economy of Taiwan. It 1s
expected that the developed plaster-type wireless transmis-
s1on/reception module and key components thereof can assist
the domestic wireless and biomedical manufacturers 1n mas-
tering the business opportunity and equipping with favorable
conditions and leading role for contending with overseas
manufacturers.

In the meantime, according to the statistic, the marketing
scale of the global medical device 1n the Year 2005 1s esti-
mated to be USD 192 billion with an average growth rate of
5%. The US Department of Commerce also estimates that ten
newly risen markets including The Association of Southeast
Asian Nations, The Chinese Economic Area (China, Tatwan,
Hong Kong), South Korea, India, South Africa, Poland, Tur-
key, Mexico, Brazil, and Argentina will be formed 1n the year
2010. The amount of the medical devices imported by these
ten newly risen markets will be multiplied, and the growth
rate of the medical care expense of these markets will be two
or three times over the developed countries. Asia area and
Eastern Furope among them will have the rapidest growth
rate. Regarding the domestic market of Taiwan, the medical
care expense 1s also raising continually since Tatwanese had
gradually pay more attention to the health and medical care
and the Government sets the National Health Insurance Pro-
gram 1nto action. The market values of Taiwan 1n the years
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1998 and 2000 are NTD 16.921 and 22.3 billion, respectively,
and 1s estimated to be N'TD 43 billion 1n the year 2005 with an
average growth rate of 13.9%.

In order to enable the people with chronic disease and/or
the people who require media to be able to move freely with
the application preventive medicine for reducing disease and
disability, the core technologies of information and commu-
nication imndustries are utilized to broaden the scope of the
cared objects and meet the need of personalized long-term
care via the borderless network such that the number of hos-
pital visit can be reduced, and the probability of having noso-
comial infection 1s also reduced. Accordingly, the lives of the
aged persons and the person who require care become more
plentitul. In order to achieve the purpose of remote home
care, the real-time wireless monitoring module using the net-
work will be the most human solution. In the mean time, with
the solid foundation of wireless-related industries in Taiwan
and the characteristic of short developing time required for
developing the new electric medical device, it 1s the best time
for developing the remote home care module and device. The
product of the present invention is disclosed 1n accordance
with this trend.

A physiological plaster having the wireless monitoring
function 1s disclosed 1n a patent WO03065926 (also US Pat.
Appl. No. 200500963513), entitled “Wearable Biomonitor
with Flexible Thinned Integrated Circuit”. Referring to FIG.
1, which 1s a block diagram of a circuitry integrated onto a
thinned silicon substrate according to US Pat. Appl. No.
20050096513, the circuitry comprises a microprocessor 11, a
ROM 12 for storing a program to be implemented, a RAM 13
for storing of data, and a transmitter or transceiver 14 for
transmitting data by RF signals to a remote receiver. The
circuitry also includes the electrodes 15 for front end analog
data collection. The electrodes 15 are connected to an analog/
digital converter 16 to convert the analog signals to digital
signals to be processed 1n the microprocessor 11. Moreover, a
battery 17 supplies power to the elements on the circuitry. In
this cited patent, the plaster module 1s a single-sided plaster
module. In other words, the sensor and the electronic device
are mounted on the same side of the physiological plaster,
which will cause the plaster to have the following drawbacks:
(1) the area of the physiological plaster cannot be reduced; (2)
the wear 1s less comiortable because of perspired sweat from
the body; (3) the electronic device cannot be properly pro-

ected; and (4) EMI shielding 1s not available so that the signal
transmitted from the physiological plaster may be easily
interfered. Moreover, FIG. 2 shows a method for producing
via connections 1n a flexible printed circuit according to US
Pat. Appl. No. 20050217893. In FIG. 2, a thin, flexible, non-
conductive substrate 20 1s fashioned with a set or array of tiny
holes 22 1n the location where a first conductive line 24 and a
second conductive line 28 are to overlap on opposing sides of
substrate 20 and make an electrical connection, or in the
location where the substrate 20 1s subject to mechanical stress
and anchoring of the conductive line 1s needed. Moreover, a
conductive material such as a conductive paint 26 1s applied to
a first side of the substrate 20 to form the first conductive line
24. However, 1n this cited patent, the conductive lines 24 and
28 are formed by electroplating or chemical deposition to
form metal layers on the polymer substrate and are then
connected by the conductive paint 26. This requires compli-
cated manufacturing processing.

Therefore, there 1s demand 1n providing using at least a pair
of flexible wing circuit boards having radio frequency (RF)
components being disposed thereon separated from a two-
sided flexible main circuit board while being discretely
coupled to the two-sided flexible main circuit board through
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a pair of pads attached to the two-sided tlexible main circuit
board so as to achieve compactness, module expansion and

EMI shielding.

SUMMARY OF THE INVENTION

The primary object of the invention 1s to provide a flexible
biomonitor that 1s a system integrated with a two-sided flex-
ible main circuit board, wherein the system integrates radio
frequency (RF) components with a hybrid sensor to form a
plaster-sized module capable of attaching to the skin of a
tested area for sensing and monitoring temperature and a
plurality of physiological signals.

Another object of the present mvention 1s to provide a
flexible biomonitor, in which a plurality of through holes for
conducting electricity are formed on the two-sided flexible
main circuit board enabling the electromic device and the
sensor to be mounted respectively on the two sides of the
two-sided flexible main circuit board for reducing occupied
area and providing comiortable wear.

A Turther object of the present ivention 1s to provide a
flexible biomonitor capable of transmitting a hybrid signals
monitored thereby wirelessly using RFID technology.
Accordingly, the purpose of home care 1s achieved by use of
the network system of the medical center to perform the
personalized remote real-time monitoring and to reduce the
probability of having nosocomial infection by reducing the
number of hospital visits of patients, aged persons, and chil-
dren. Thereupon the medical quality 1s improved.

In order to achieve the atorementioned objects, the present
invention provides a flexible biomonitor comprising:

a flexible substrate having a circuit apparatus, formed on
the tlexible substrate, the circuit apparatus having a cir-
cuit layout mounted thereon and further comprising:

a bottom circuit layer, connected with one side of the
flexible substrate; and

a top circuit layer connected with the other side of the
flexible substrate, and being electrically connected
with the bottom circuit layer;

a hybrid sensor being disposed on the bottom circuit layer
and being capable of sensing at least a temperature sig-
nal and a physiological phenomenon to generate a sig-
nal;

a plurality of IC devices disposed on the top circuit layer
and being capable of performing signal processing on
the signal to generate a processed signal;

a central processing module disposed on the top circuit
layer and being capable of performing signal processing
on the processed signal to generate a hybnd signal;

a pair of flexible wing circuit boards having a RF transmit-
ter circuit and an antenna disposed thereon, each dis-
posed separated from the circuit apparatus while being
discretely coupled to the circuit apparatus through a pair
of pads attached to the circuit apparatus, to transmit the
hybrid signal in a wireless manner; and

a power supply electrically connected with the circuit
apparatus for supplying electric power to the circuit
apparatus, the hybrid sensor, the IC devices, the central
processing module, the RF transmitter circuit and the
antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of the circuitry integrated onto a
thinned silicon substrate according to US Pat. Appl. No.
20050096513;
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FIG. 2 shows a method for producing via connections 1n a
flexible printed circuit according to US Pat. Appl. No.

20050217893;

FIG. 3A 1s a top view showing a flexible biomomnitor of the
present invention;

FIG. 3B 1s a top view showing another flexible biomonitor
of the present invention;

FIG. 3C 1s a side view showing another flexible biomonitor
of the present invention;

FIG. 4 1s a functional diagram showing the flexible
biomonitor in accordance with one embodiment of the
present invention; and

FIG. 5 1s a schematic view showing an example of use of
the flexible biomonitor of the present ivention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The above-mentioned features and advantages of this
invention, and the manner of attaining them, will become
more apparent and the invention will be better understood by
reference to the following description of embodiments of the
invention taken in conjunction with the drawings. But, the
scope of the present ivention 1s not limited to the drawings.

Referring to FIG. 3A and FIG. 4, a top view and a func-
tional diagram of a tlexible biomonitor of one embodiment of
the present invention are shown, respectively. The flexible
biomonitor comprises a flexible substrate 31, a hybrid sensor
32, a plurality of IC devices 33, a central processing module
34, a RF transmitter circuit 351, an antenna 352, a power
supply 36, and a package 37.

The flexible substrate 31 has a circuit apparatus formed on
the tlexible substrate 31. The circuit apparatus has a circuit
layout (not shown) mounted thereon. More particularly, the
circuit apparatus comprises: a bottom circuit layer, connected
with one side of the flexible substrate 31; and a top circuit
layer connected with the other side of the flexible substrate
31, and being electrically connected with the bottom circuit
layer. F1G. 3C shows a side view of one such configuration of
components on a set of circuit layers in accordance with the
ivention.

The flexible substrate 31 comprises several through holes
formed thereon, wherein the through holes are formed by the
through hole manufacture process of the circuit board and
mounted to penetrate through the flexible substrate 31. These
through holes are filled with a conducting material for pro-
viding electrical connection.

The hybrid sensor 32 1s disposed on the bottom circuit layer
and 1s capable of sensing at least a temperature signal and a
physiological phenomenon of the human body for generating
a signal (not shown).

The plurality of IC devices 33 are disposed on the top
circuit layer and 1s capable of performing signal processing
on the signal to generate a processed signal. More particu-
larly, these IC devices 33 are a filter 331, an amplifier 332 and
an analog-to-digital converter (ADC) 333 to perform signal
amplifving, signal filtering, analog/digital signal conversion,
signal encoding, signal decoding, etc.

The central processing module 34 1s disposed on the top
circuit layer and 1s capable of performing signal processing
on the processed signal to generate a hybrid signal. More
particularly, the central processing module 34 comprises a
memory module 341 and a micro-processor 342. The
memory module 341 comprises a RAM and a flash ROM.

Each of the RF transmatter circuit 351 and the antenna 352
(as Tx 351n FIG. 4)1s disposed on a flexible wing circuit layer
3510/3520 separated from the circuit apparatus while being
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discretely coupled to the circuit apparatus through a pair of
pads (3511, 3512 and 3521, 3522) attached to the circuit
apparatus, to transmit the hybrid signal 1n a wireless manner.
The pads are attached to the circuit apparatus using a conduc-
tive adhesive. More particularly, for the RF transmaitter circuit
351, one pad 3511 1s coupled to the top circuit layer while the
other pad 3512 1s coupled to the bottom circuit layer. Simi-
larly, for the antenna 352, one pad 3521 1s coupled to the top
circuit layer while the other pad 3522 1s coupled to the bottom
circuit layer. Therefore, parasitic noise 1s grounded into the
bottom circuit layer to prevent EMI.

The hybnid 31gnal 1s transmitted to a RFID receiver 38 and
then processed 1n an electronic device such as a personal
computer 39 for real-time monitoring the temperature signal
and the physiological phenomenon.

The power supply 16 1s electrically connected with the top
circuit layer for supplying the electric power to the circuit
apparatus, the hybrid sensor 32, the IC devices 33, the central
processing module 34, the RF transmitter circuit 351 and the
antenna 332.

Moreover, the package 17 covers the flexible substrate 11,
the circuit apparatus, the hybrid sensor 32, the IC devices 33,
the central processing module 34 and the power supply 36 to
protect the tlexible biomonitor from moisture and dust pollu-
tion and simultaneously to provide a better feel when the
flexible biomonitor touches the skin (not shown).

In the present invention, the number of the tlexible wing
circuit board can be increased. For example, as shown in FIG.
3B, the tlexible biomonitor of the present invention further
comprises a pair of additional flexible wing circuit boards
4510 and 4520, cach having an additional hybrid sensor 451
and 452 disposed thereon. Similarly, the additional flexible
wing circuit boards 4510 and 4520 are discretely coupled to
the circuit apparatus through a pair of pads (4511, 4512 and
4521, 4522) attached to the circuit apparatus. The additional
hybrid sensors 451 and 452 are capable of sensing at least a
temperature signal and a physiological phenomenon to gen-
erate a signal. Therefore, the flexible biomonitor of the
present invention provides module expansion when 1t 1s
required that the number of hybrid sensors 1s increased. The
pads (4511, 4512 and 4521, 4522) are attached to the circuit
apparatus using a conductive adhesive. The present invention
1s advantageous because the precision 1s enhanced by multi-
point sensing and the additional hybrid sensors are immune
from EMI noise.

More particularly, the hybrid sensor disposed on the bot-
tom side substrate can detect bioelectric signals, pressure
signal, vibrated signal, light reflected signal moisture signals
and the other bio sensor signal. The physiological interface
clement can be mounted on the bottom side substrate. Fur-
thermore, 1t 1s to be understood that while 1n the preferred
embodiment, the sensor module can be used to detect physi-
ological characteristics such an EKG (from the heart), EEG
(from the brain), blood pressure, sPO2, respiratory vibration,
urine damp, blood sugar and so on.

In the present invention, the flexible wing circuit boards
having elements or modules thereon can be attached to the
flexible main circuit board through pads. More particularly,
the pads are formed of a conductive adhesive and pressed onto
the flexible main circuit board after alignment.

FIG. 5 1s a schematic view showing an example of use of
the tlexible biomonitor of the present invention. As shown in
FIG. 5, the user (patient) 2 wears the tlexible biomonitor 1 of
the present invention. When the flexible biomonitor 1 obtains
a temperature signal and a physiological phenomenon (not
shown) of the user 2, 1t converts the temperature signal and the
physiological phenomenon into a signal carrier wave (not

10

15

20

25

30

35

40

45

50

55

60

65

6

shown) and transmits the signal carrier wave to the RFID
recetver 3 mounted in the user’s house. Next, the RFID
receiver 3 further transmits the signal carrier wave to a carrier
wave receiver 6 mounted 1n a medical station 7. Therealter,
the carrier wave recetver 6 converts the signal carrier wave
into digital data, which 1s shown on a monitor 8 by 1mage.
Alternatively, the RFID receiver 3 converts the signal carrier
wave 1nto a general digital signal (not shown), and then the
digital signal 1s transmaitted to the monitor 8 of the medical
station 7 via the Ethernet 5 for showing the digital signal by
image. Accordingly, the purpose of remote monitoring is
achieved.

In the present invention, these circuit layers can be electri-
cally connected by use of the copper conducting wires
applied to the traditional surface or the through holes pen-
etrated through the flexible substrate. Thereupon the occu-
pied area of the flexible substrate 1s efficiently saved and the
size of the flexible biomonitor 1s reduced. In the meantime,
the IC devices are all kinds of active and passive IC devices
capable of amplifying signal, filtering signal, converting ana-
log/digital signal, encoding signal, decoding signal, etc. The
hybrid sensor comprises sensing electrodes, capable of sens-
ing a temperature signal, bioelectric signals, pressure signal,
vibrated signal, light reflected signal moisture signals, the
other biosensor signal of physiological phenomenon to gen-
erate a signal

Besides, the power supply disclosed in this preferred
embodiment of the present mvention 1s a flexible battery
and/or a rechargeable battery, and the monitored physiologi-
cal signal 1s the user’s heartbeat frequency, body temperature,
etc. The flexible substrate 1s made of a material such as
polyimide (PI), polyvinyl chloride (PVC), polyvinyl alcohol
(PVA), etc. The package 1s made of a material such as poly-
dimethylsiloxane (PDMS), polyurethane (PU), epoxy, eftc.

In the present invention, the package can completely cover
the tlexible substrate, the bottom circuit layer, the top circuit
layer, the paste wing circuit layers, the RFID sensing chip, the
antenna circuit, the transmitter circuit, and the power supply.
Nevertheless, when the hybrid sensor comprises sensing elec-
trodes that need to touch the user’s skin directly, the package
covers the flexible substrate, the paste wing circuit layers, the
bottom circuit layer, the top circuit layer, the transmitter
circuit, the RFID sensing chip, the antenna, and the power
supply and exposes the hybrid sensor. Accordingly, the hybrid
sensor 1s allowed to touch the user’s skin directly.

While the preferred embodiment of the invention has been
set forth for the purpose of disclosure, modifications of the
disclosed embodiment of the invention as well as other
embodiments thereol may occur to those skilled in the art.
Accordingly, the appended claims are intended to cover all
embodiments which do not depart from the spirit and scope of
the mvention.

What 1s claimed 1s:

1. A flexible biomonitor configured for sensing and moni-
toring temperature and a plurality of physiological phenom-
enon signals, comprising:

a flexible substrate having a circuit apparatus, formed on
the flexible substrate, the circuit apparatus having a cir-
cuit layout mounted thereon and further comprising:

a bottom circuit layer, connected with one side of the
flexible substrate;

a top circuit layer connected with the other side of the
tflexible substrate, and being electrically connected with
the bottom circuit layer;

a plurality of through holes, wherein each through hole
passes through the flexible substrate and is filled with a
conducting material for enabling electric current to pass
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between components on the top circuit layer and com-
ponents on the lower circuit board;

a hybrid sensor being disposed on the bottom circuit layer
configured for sensing at least a temperature signal and
a physiological phenomenon to generate a signal indica-
tive of the sensed temperature and physiological phe-
nomenon;

a plurality of IC devices disposed on the top circuit layer
configured for performing signal processing on the sig-
nal to generate a processed signal indicative of at least
the sensed temperature and physiological phenomenon;

a central processing module disposed on the top circuit
layer configured for performing signal processing on the
processed signal to generate a hybrid signal for wireless
transmission of said hybrd signal;

at least a pair of flexible wing circuit boards, each pair of
flexible wing circuit boards having at least a RF trans-
mitter circuit or an antenna disposed thereon, wherein
cach pair of flexible wing circuit boards are disposed
separated from the circuit apparatus while being dis-
cretely coupled to the circuit apparatus through a pair of
pads attached to the circuit apparatus using conductive
adhesive, to transmit the hybrid signal to a remote
receiver by said wireless transmission, wherein a first
pad of each pair ol pads 1s coupled to the top circuit layer
and a second pad of each pair of pads 1s coupled to the
bottom circuit layer; and

a power supply electrically connected with the circuit
apparatus for supplying electric power to the circuit
apparatus, the hybrid sensor, the I1C devices, the central
processing module, the RF transmitter circuit and the
antenna.

2. The flexible biomonitor of claim 1, further comprising a

package, covering the flexible substrate, the circuit apparatus,

the hybnd sensor, the IC devices, the central processing mod-
ule, and the power supply.
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3. The flexible biomonitor of claim 2, wherein the package
1s made of a material selected from a group consisting of
polydimethylsiloxane (PDMS), polyurethane (PU), and
CpPOXY.

4. The flexible biomonitor of claim 1, wherein the bottom
circuit layer 1s electrically connected with the top circuit layer
via the through holes.

5. The flexible biomonitor of claim 1, wherein the IC
devices are active IC devices.

6. The flexible biomonitor of claim 1, wherein the IC

devices are passive IC devices.
7. The flexible biomonitor of claim 1, wherein the hybnd

sensor comprises sensing electrodes.

8. The flexible biomonitor of claim 1, wherein the physi-
ological phenomenon 1s heartbeat frequency.

9. The flexible biomonitor of claim 1, wherein the signal
processing performed by the plurality of IC devices and the
central processing module includes at least a procedure
selected from the group consisting of signal amplitying, sig-
nal filtering, analog/digital signal converting, signal encod-
ing, and signal decoding.

10. The flexible biomonitor of claim 1, wherein the power
supply 1s a flexible battery.

11. The tlexible biomonitor of claim 1, wherein the power
supply 1s a rechargeable battery.

12. The flexible biomonitor of claim 1, wherein the flexible
substrate 1s made of a material selected from a group consist-
ing of polyimide (PI), polyvinyl chloride (PVC), and polyvi-
nyl alcohol (PVA).

13. The flexible biomonitor of claim 1, wherein the signal
1s recerved by a wireless reader.

14. The flexible biomonitor of claim 1, further comprising
at least an additional flexible wing circuit board having at
least an additional hybrid sensor disposed thereon, the addi-
tional hybrid sensor being capable of sensing at least a tem-
perature signal and a physiological phenomenon to generate
a signal.
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